Abstract: Genetic polymorphisms of encoding antigen B2 gene (AgB2) in Echinococcus granulosus were studied using PCR-RFLP and DNA sequencing among 20 Egyptian isolates. Five isolates from different host origins (humans, camels, pigs, and sheep) were collected and used. All examined isolates of each host group gave very similar patterns of PCR-RFLP after restriction enzyme digestion with AluI, with the gene size of approximately 140 bp and 240 bp for sheep and human isolates, and approximately 150 bp and 250 bp for pig and camel isolates. No digestion pattern was obtained after incubation of all studied isolates with EcoRI. These results reveal high intra-group homogeneity. DNA sequence analysis highlighted that human infecting strain showed 100% identity with respect to sheep infecting isolate, 96% and 99% with pig and camel infecting isolates, respectively.
INTRODUCTION
The larval stage of the tapeworm Echinococcus granulosus is the causative agent of cystic echinococcosis (CE), a major health and economic problem in many countries around the world [1, 2] . It affects humans and a wide range of livestock species and is characterized by the presence of steadily growing unilocular cysts filled with a hydatid cyst fluid (HCF) in host internal organs, mostly the liver and lungs. E. granulosus larvae synthesize a lipoprotein known as antigen B (AgB) in the tegumental cells of the protoscolices and, to a lesser extent, in the laminated and germinal layer of the brood capsules before being secreted in the HCF [3] . AgB is a thermostable lipoprotein that dissociates in SDS-PAGE into 3 bands of [8] [9] [10] [11] [12] 16 , and 24 kDa [4] . It is one of the most abundant parasite antigens in HCF and commonly used in immunodiagnosis of CE [5] . It is involved in the evasion of the immune response of the host due to its ability to inhibit elastase activity and neutrophils recruitment and to elicit an immunopathology-associated T-helper 2 (Th2) cell response, predominantly in patients with progressive CE [6] .
The nature and quality of AgB are variable among different host species and endemic areas. Rosenzvit et al. [7] suggested that precisely the contact with the host molecules and cells makes AgB proteins prone to antigenic variation which can affect their practical application. Therefore, serologic evaluation of AgB prepared from different E. granulosus hosts in endemic regions and countries according to local facilities must always be considered [6] . AgB is encoded by a gene family which is constituted by 5 gene loci, AgB1 [8] , AgB2 [9] , AgB3 [10] , AgB4, and AgB5 [11] , each encoding a related, but distinct AgB subunit. The comparative analysis of the diagnostic potential of antigens encoded by some of these genes showed that the recombinant antigen AgB2 had the best diagnostic performance [5] . Numerous studies have provided evidence that E. granulosus is characterized by extensive genetic variation comprising a number of strains that differ in biological features, such as intermediate host specificity, developmental rate, and infectivity to humans [12] . E. granulosus strains (G1-G10) were named according to their most commonly identified intermediate host. Only 5 strains were known to infect humans; sheep (G1), Tasmanian sheep (G2), cattle (G5), camel (G6), and pig (G7) strains [13] . PCR-based restriction fragment length polymorphism (PCR-RFLP) technique and DNA sequence analysis have now been used extensively to characterize strain groupings within E. granulosus and to detect DNA polymorphism. Unlike systems that depend upon chance recognition of target DNA by random primers, the region of the genome that is analyzed has been purposefully chosen in PCR-RFLP to detect nucleotide variation at enzyme specific sites in the amplified fragments [14] . An alternative and more detailed method involves sequencing. To date, no study has been performed for the analysis of the genetic variation of AgB coding genes in Egyptian E. granulosus isolates.
In the present study, the genetic variability among different Egyptian E. granulosus isolates collected from humans, camels, pigs, and sheep was detected at the AgB2 level using PCR-RFLP and DNA sequencing. The knowledge of this variation is necessary for rational design, application, and standardization of diagnostic tests utilizing AgB in Egypt.
MATERIALS AND METHODS
Animal cysts of E. granulosus were collected from Cairo abattoir, while human HCF was collected by percutanuous aspiration injection reaspiration (PAIR) technique under sterile conditions from patients in the Abdominal Ultrasonographic Unit of Tropical Medicine Department, Kasr El-Aini Hospital. One fertile cyst was considered as an isolate. Fertile cyst of E. granulosus was identified on the basis of the presence of protoscolices. A total of 20 isolates were collected; 5 isolates from camels (2 pulmonary and 3 hepatic cysts), 5 isolates from pigs (3 pulmonary and 2 hepatic cysts), and 5 isolates from sheep out of 30 sheep examined (2 pulmonary and 3 hepatic cysts). In addition, 5 isolates from 5 patients were used as representatives of human group. Hydatid fluid from each cyst separately was centrifuged at 500 rpm for 3-5 min. The deposited protoscolices were rinsed in PBS, fixed in 95% (v/v) ethanol and preserved at -70℃ until required [15] . The protoscolices were rinsed several times with distilled water to remove the ethanol, and then total DNA was extracted using Easy Quick Blood DNA extraction kit (Genomix, Cairo, Egypt). Spectrophotometric determination of DNA concentration at A260 was done according to Karcher [16] .
PCR was performed in a reaction volume of 25 μ l containing 50 ng DNA sample, 10 pmol of each of 2 primers described by Fernandez et al. [9] ); F5′ GGATCCTTCGTGGCCGTCGTTCAA-GC3′ and R5′ TCGACAAATCATGTGTCCCGACGCA3′ (Jena Bioscience, Jena, Germany) and 12.5 μ l of 2x SuperHot PCR Master Mix (Bioron, Ludwigshafen, Germany) . PCR was carried out by initial denaturation at 95℃ for 3 min, followed by 35 cycles each at 95℃ for 1 min, annealing temperature at 55 for 1 min, extension temperature at 72℃ for 1.5 min, and final extension at 72℃ for 10 min. The amplified DNA fragments were separated on 1.5% agarose gel (Bioshop Canada, Burlington, Ontario, Canada), stained with ethidium bromide (Bioshop Canada), visualized on a UV Transilluminator, photographed by Gel Doc. BIORAD 2000 and analyzed with software data analysis for BioRad Model 620 USA. The specific band approximately 400 bp was cut from the gel and purified by gel purification kit (Jena Bioscience) according to the manufacturer's instructions.
The PCR products were digested with 2 separate restriction endonucleases; used individually (ALUI and EcoRI) as described previously [17] using the buffers recommended by the manufacturer (Bioron). Generally, the incubation period at the enzyme's optimal temperature (37℃) varied from 4 to 12 hr to ensure the complete digestion. The digestion reaction was inactivated by heating to 65℃ for 20 min. Fragments were separated on 2% agarose gel (Bioshop Canada), stained with ethidium bromide (0.5 μ g/ml) (Bioshop Canada), and photographed under UV light with a gel documentation system.
The PCR-products of one isolate from each group were purified from excess primers and nucleotides by the use of AxyPrep PCR Clean-up kit (AXYGEN Biosciences, Union City, California, USA) and directly sequenced as described previously [18] using the same primers as described for the amplification process. The products were sequenced using the Big Dye Terminator Cycle Sequencing Ready Reaction Kit (ABI Applied Biosystems, Foster City, California, USA) on a 3130XL Genetic Analyzer (Applied Biosystems).
PCR-RFLP bands were defined by their molecular weights estimated from the size standards and using the Gel Analyzer 3 EgyGene Program (Egypt). Polymorphisms were scored for presence (1) or absence (0) of the bands. The data were transferred to a statistical software program, Statistical Package for Social Science, version 10.00 (SPSS Inc, Chicago, Illinois, USA) to obtain analytical statistics in the form of Jaccard's similarity coefficient (S) showing the genetic similarity among different isolate groups of E. granulosus based on pair-wise comparison. The dendrogram was constructed using the Average Linkage between groups statistical system. The laboratory data were recorded on an investigative report form and then transferred to Finch program which can translate the results of sequencing to a chromatogram. The sequences of the isolates were then transferred to a blasting program which aids alignment of the nucleotides to translate each sequence to the specific genetic origin. Then comparison between the different isolates was done. Data can be reviewed with DNA sequencing analysis software, SeqScape 
RESULTS
All studied isolates gave a PCR product representing a fragment of the AgB2 gene (approximately 400 bp) (Fig. 1) . The 400 bp of PCR amplified fragment of the AgB2 gene was digested separately with (AluI & Eco RI) restriction enzymes, respectively (Fig.  2) for all isolates. Nearly all examined isolates within each group (human, pig, camel, and sheep) (lanes H, P, C, and S, respectively) gave very similar patterns of PCR-RFLP after enzyme digestion with AluI; approximately 140 bp and 240 bp for 
Fig. 2. PCR-RFLP patterns of AgB2 genes of E. granulosus Egyptian isolates using restriction endonuclease enzymes AluI and EcoRI. (A) human (H); (B) sheep (S); (C) pig (P); (D) camel (C). M = marker, bp = base pair.
bp M S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 Fig. 2A, B ) and approximately 150 bp and 250 bp for pig and camel isolates (Fig. 2C, D) . No digestion pattern was obtained after incubation with EcoRI with all studied isolates.
The results of comparative analysis of band patterns obtained by PCR-RFLP with enzyme AluI using Jaccard's similarity coefficient showed that the highest genetic similarity was observed between human and sheep isolates (100%) followed by human and camel isolates, and camel and pig isolates (66.7%), while the lowest was observed between human and pig isolates (42.9 %). The dendrogram showed that the sheep strain is the most relevant strain related to humans; indeed they are genetically typical (Fig. 3) . The sequence analysis highlighted that human strain showed identity of 100% to sheep strain and 96% and 99% with pig and camel isolates, respectively (Fig. 4) .
DISCUSSION
Kamenetzky et al. [19] mentioned that no polymorphism in AgB2 genes was found in each strain but there was a substantial level of inter-strain variation in AgB2 related genes and that cysts from the same strain shared more genomic DNA than cysts from different strains. The high genetic similarity between the human and sheep isolates were confirmed by Jaccard's similarity coefficient and the dendrogram. This is consistent with the results obtained by Zhang et al. [20] who found close similarities between human and sheep isolates with distinctive PCR-RFLP pattern between them and camel isolate. In order to validate the PCR-RFLP technique, the 4 isolates (one from each group) were analyzed by DNA sequencing. AgB sequencing data denotes and further confirms PCR-RFLP that the human and sheep isolates of E. granulosus are the closest relatives amongst the examined isolates. Comparison of results from the current study and previous reports are limited due to dissimilarities in methodology. Using PCR and RT-PCR, followed by cloning and sequencing, Arend et al. [3] characterized a high degree of AgB2 sequence polymorphism between strains. Kamenetzky et al. [19] using PCR-SSCP (single strand conformation polymorphism) followed by DNA sequencing to evaluate sequence variation and transcription profile of AgB2-coding genes in several human infecting strains of E. granulosus found a substantial level of inter-strain variation in AgB2-related genes between G1/G2 strain on one hand and G6/G7 and G5 on the other hand. Their finding was supported by a previous study using mitochondrial or nuclear markers which also grouped G1/G2 strains and G6/G7 strains as 2 separate groups leaving G5 strain outside but closer to the G6/G7 group [21] .
In concordance with the previous data, Muzulin et al. [22] suggested that AgB2-related sequences may be subjected to selective pressure to present as a functional gene exclusively in G1/ G2 strains and as non-functional genes (can not be translated into a functional protein) in G5 and the G6/G7 cluster suggesting inter-strain variation. Furthermore, analysis of E. granulosus isolates from different geographical areas, including Egypt by Frosch et al. [23] revealed AgB1 nucleotide sequence differences at conserved positions that resulted in altered amino acid sequences. They reported that the observed sequence heterogeneity of the AgB genes in different geographic origin could reflect the occurrence of distinct clonal populations of which differed in the use of their final and intermediate hosts and morphological, biochemical, and genetic characteristics. Their finding is supported by Mamuti et al. [6] who concluded that the genetic variability in different host and/or different level of host immune responses against AgB may be relevant factors in the variability that is observed in the immunogenecity of AgB among different CE patients. In addition, Rosenzvit et al. [7] reported that analyzing the variation of AgB-coding genes may provide a specific correlation of strain genetic diversity with AgB functional and practical significance. The knowledge of variation in AgB genes would help the understanding of the fine mechanisms of adaptation of helminth parasites to their hosts and is necessary for the rational design and application of diagnostic tests, anthelmintic drugs, and immunoprophylaxis reagents.
The combined use of PCR-RFLP and DNA sequencing detects the polymorphism of AgB2 related genes among human, camel, pig, and sheep E. granulosus Egyptian isolates. Human and sheep isolates are the most AgB2 related pair. Whether the polymorphism of AgB-genes among different Egyptian isolates affects its diagnostic performance also remains to be determined with further experimentations.
